Background: Autism spectrum disorder (ASD) is a serious neurodevelopmental disorder associated with autonomic nervous system (ANS) abnormalities. Moreover, at least 50% of children with ASD suffer from other comorbid diseases such as anxiety, depression, and attention deficit hyperactivity disorder (ADHD) associated with receiving psychotropic medication. From this context we aimed to evaluate changes in sympathetic arousal using analysis of electrodermal activity (EDA) as an index of sympathetic cholinergic activity in treated and non-treated autistic children under resting conditions. Methods: We examined 23 children with ASD and 14 healthy age-and gender-matched children at the age of 7-15 years. The ASD patients were divided into ASD non-treated group (n=12) and ASD treated group (n=11). The EDA was continuously monitored during resting phase in a supine position. The EDA amplitude (µS) was computed as an average of 5 min baseline period.
INTRODUCTION
The autonomic nervous system (ANS) is responsible for maintaining homeostasis, ada p ta bility, and physiological flexibility of the organism. Physiologically, both of the sympathetic and parasympathetic systems work at dynamic balance at rest as well as in response to stress. Dysfunction of this system plays a crucial role in the pathogenesis of many diseases contributing to cognitive, behavioral, and affective abnormalities in children with autism (1).
Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder characterized by persistent deficits in social communication and interaction and by the presence of restricted interests and repetitive behaviors. These deficits are manifested in early childhood and lead to impaired ability to form normal human relations. However, children with ASD are characterized not only by their core deficits but they also suffer from many comorbid diseases such as intellectual developmental disorder, learning disability, attention deficit/hyperactivity disorder (ADHD), anxiety, obsessive-compulsive disorder (OCD), or behavioral problems (2, 3) . According to the current DSM-5 criteria (Diagnostic and statistical manual of mental disorders, Fifth Edition) about 70 % of individuals with ASD may have one comorbid mental disorder and 40 % may have two or more comorbid mental disorders (4). In addition, previous studies found that 35 % to 56 % of children with ASD had used at least one psychotropic medication and 20 % of them were prescribed more than three medications during the year (5, 6) .
Many children with autism show symptoms related to autonomic nervous system (ANS) functioning abnormalities. Recent studies have found inconsistent results including elevated heart rate (7-10), reduced parasympathetic tone (8, (10) (11) (12) , or larger pupil size (13, 14) . In addition, atypical ANS responses to various stimuli were observed in ASD children, such as attenuated heart rate response to social anxiety task (15) , blunted both heart rate and salivary cortisol response to social stress (16, 17) , or increased cardiac vagal tone in response to mental arithmetic test (18) . Regarding sympathetic activity quantified by electrodermal activity (EDA) the existing findings in ASD are mixed, such as unaltered basal EDA (16, 19) , increased EDA (9, 20) , decreased basal EDA (21), or decreased basal EDA associated with reduced reactivity to the anxiety tasks (22) . Although at least 50 % of ASD persons receive psychotropic medications there is a lack of literature comparing the effect of treatment on the studied autonomic parameters. For example, Bink et al. (23) investigated the effects of stimulant medications on cardiac activity during baseline in ASD and ADHD groups using the heart rate variability analysis. They found higher LF/HF ratio (as an index of sympathovagal balance) at rest and decreased LF/HF reactivity to task performance in treated ASD and ADHD group compared to non-treated group. Similarly, a significant medication effect was observed on heart rate and HRV parameters in ASD children compared to controls (24) . In contrast, Schoen et al. (25) found no medication effect on EDA. However, more than half of participants in no-medication group showed low EDA arousal.
Thus, in terms of the potential role of medication effect on autonomic parameters, we aimed to compare resting sympathetic activity using electrodermal activity in the treated and non-treated autistic children. To our knowledge, this association has not been sufficiently investigated in ASD children.
METHODS
The study was approved by the Ethics Committee of the Jessenius Faculty of Medicine in Martin, Comenius University in Bratislava, Slovakia. All procedures performed in our study were in accordance with the Declaration of Helsinki of the World Medical Association. All children and their guardians were carefully informed about the study protocol and informed written consent was obtained prior to examination.
We examined 23 children with ASD at the age of 7-15 years (3 females, average age: 11.1 ± 0.5 years, BMI: 18.8 ± 0.6 kg/m 2 ) and 14 age-and gender-matched healthy children (3 females, average age: 10.7 ± 0.6 years, BMI: 18.3 ± 0.7 kg/m 2 ). The ASD patients were recruited from Clinic of Psychiatry at the University Hospital in Martin. Inclusion criteria used for enrolling children for the ASD group were: primary ASD diagnosis, IQ above 70, ability to perform the study, and body mass index (BMI) (in order to exclude obesity, overweight, or underweight). The BMI range was strictly respected according to extended International Obesity Task Force (IOTF) with ASD group range 15.68 to 23.30 kg/m 2 and control group range 15.50 to 23.00 kg/m 2 , corresponding to percentile range from 25. to 75. percentile (26) . The diagnosis of ASD, severity level 1 in social communication and restricted repetitive behaviors, was assessed by a child and adolescent psychiatrist according to the diagnostic criteria of DSM-5 (4). Furthermore, the presence of other psychiatric symptoms and comorbid mental disorders in ASD group was confirmed by a supervised qualified specialist in child and adolescent psychiatry according to DSM-5 diagnostic criteria prior to examination. Consequently, the ASD patients were divided into two subgroups: those without any treatment -ASD non-treated group (n=12, 1 female, average age: 10.8 ± 0.7 years) and those with comorbidities and pharmacological treatment -ASD treated group (n=11, 2 females, 11.4 ± 0.9 years). Most of autistic children in treated group (n=8) suffered from comorbid ADHD with taking ADHD-linked treatment (methylphenidate -18 mg/day, atomoxetine -1.2 mg/kg/day). Other medications include antidepressant therapy -selective serotonin reuptake inhibitors (SSRIs: sertraline -50 mg/day, fluoxetine -20 mg/day, fluvoxamine -100 mg/day) and antiepileptic treatment (valproate -30 mg/kg/day). It should be noted that there is no specific treatment for core symptoms of autism spectrum disorder (27) . The psychopharmacologic drugs used in ASD treated group were primarily indicated to comorbidities treatment, especially to ADHD-like symptoms. All drugs were orally administered with good tolerability. Moreover, medications were administered last time 24 hour before the examination to avoid the acute effect of medication. However, we take into consideration that longer wash out period of antidepressants (sertraline and fluvoxamine with 10-14 days, fluoxetine with 5 weeks) could potentially affect autonomic activity (28) (29) (30) . The intellectual functioning was conducted by a licensed practitioner -a clinical psychologist using Wechsler Intelligence Scale for Children (WISC III). Full scale IQ scores for ASD were above 80. Control participants were healthy volunteers not suffering from any mental or neurodevelopmental disorders, neither taking any medication. Exclusion criteria for both ASD and control groups include acute infection, cardiovascular, endocrine and respiratory disease, and other conditions potentially influencing ANS (obesity, overweight, underweight, alcohol, or drug abuse). Basic groups' characteristics are presented in Table 1 . All children were examined in a quiet room under standard conditions in the morning between 8:00 and 12:00 am. After initial anthropometric examination using InBody 120 (Biospace Co., Ltd., Korea) the EDA sensors were placed on the child's fingers. Then they were instructed to lie down and remain for 5 min without speaking and movement to stabilize the ANS. The EDA signal was continuously monitored using the device FlexComp Infiniti (Thought Technology Ltd., Canada) by applying a constant electrical voltage between two electrodes (dry Ag/AgCl electrodes) placed at the medial phalanges of two fingers of non-dominant hand. This allows measurement of skin conductance level, which represents changes in sweat gland activity due to stress or emotional excitement. Artifacts resulting from children's body movements were distinguished on the output trace and excluded from the analysis. Mean EDA level (µS) was computed as an average of baseline period lasted for 5 min.
The statistical analysis was performed using the statistical software MYSTAT 12 for Windows (SSI, Richmond, CA, USA). The Kruskal Wallis nonparametric test was used for assessment of differences because of non-gaussian distribution of the data ascertained by Shapiro-Wilk normality test. A value of p < 0.05 was considered statistically significant. Data were expressed as the mean ± SEM.
RESULTS
The statistical analysis revealed that the ASD non-treated group had a significantly lower baseline EDA compared to controls (0.65 ± 0.15 µS vs. 1.40 ± 0.16 µS, p = 0.005). Moreover, the EDA displayed a tendency towards a significant difference between the ASD non-treated and the ASD treated groups (0.65 ± 0.15 µS vs. 1.05 ± 0.18 µS, p = 0.074). No significant differences were found between the ASD treated group and controls (Fig.1) . 
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DISCUSSION
In this study we assessed resting sympathetic activity in groups of treated and non-treated autistic children using electrodermal activity. The major finding is that sympathetic acti vity indexed by EDA was lower in the non-treated group compared to controls, while the treated ASD group showed comparable sympathetic activity relative to controls. Autism spectrum disorder (ASD) represents a neurodevelopmental disorder that is associated with autonomic dysregulation. Electrodermal activity (EDA) is characterized as a non-invasive psychophysiological index of changes in sympathetic neuronal activity regulating the activity of eccrine sweat glands (31) . Skin conductance level reflects slow spontaneous electrical fluctuations of sweat gland activity indicating the general degree of arousal. Although our previous study revealed reduced resting EDA in ASD group (21) the neurophysiological mechanisms leading to atypical EDA and other autonomic parameters related to ASD are still unexplored. Central control of EDA has an excitatory and inhibitory effects on the sympathetic nervous system originate in various structures of CNS. Boucsein (32) has described two main pathways influencing sweat production: limbic-hypothalamic pathway related to emotions and thermoregulation and premotor-basal ganglia pathway related to preparation for motor movements. Hypothalamus, as a main integrative structure of ANS control system, is modified especially by amygdala (excitation) and by the hippocampus (inhibition). Moreover, the elicitation of EDA is modified by regulatory effects of reticular formation in the brainstem (32, 33) . In this context, structures as prefrontal cortex, anterior cingulate cortex, and amygdala, involved in regulation of EDA, are considered as abnormal in ASD children (34) (35) (36) (37) . In particular, the pathological changes of amygdala are associated with difficulties in interpreting gaze information, seizure activities, and failu re of recognition of social emotions (38) . Recent study investigating amygdalo-cortical connectivity by fMRI in adolescents with ASD confirmed reduced cortical connectivity of amygdaloid input subregions with the prefrontal, parietal, and occipital cortices (39) . Moreover, Courchesne and Pierce (40) clarified that connectivity within frontal lobe in ASD is excessive and disorganized, whereas connectivity between frontal cortex and other systems is reduced. We assume that differences in neuroanatomy and functional characteristics in these regions may profoundly affect sympathetic function in ASD children quantified by EDA, as we found in the previous study (21) . The low arousal theory explains that people with externalizing disorders, e.g. ADHD or antisocial personality disorder, seek selfstimulation by excessive activity in order to activate their state of abnormally low arousal. This low arousal results in the inability or difficulty to sustain attention or to control compulsive hyperactive behavior (41) . Previous studies reported that about half of ASD population also meets diagnostic criteria for ADHD diagnosis characterized by core symptomshyperactivity, inattention, and impulsivity (42) (43) (44) . With regard to specific ADHD treatment, methylphenidate (MPH) is a central stimulant inhibiting the reuptake of dopamine and norepinephrine into the presynaptic neuron and increasing the release of these monoamines into the extraneuronal space in the prefrontal cortex. Specifically, the MPH could increase mean heart rate, mean blood pressure, or skin conductance level indicating increased sympathetic activity (45) (46) . Despite the fact that increased noradrenergic neurotransmission in the prefrontal cortex -due to atomoxetine as a specific noradrenaline reuptake inhibitor -could elevate blood pressure and heart rate (47, 48) , the cardiovascular effects of atomoxetine were minimal in ADHD patients (49, 50) . However, to best of our knowledge, the effect of atomoxetine on skin conductance is still unknown.
Moreover, regarding the antidepressant therapy used in our study, the previous longitudinal study showed a different medications effect on ANS depending on type of antidepressants: while tricyclic antidepressants (TCA) increased cardiac sympathetic activity evaluated by pre-ejection period (51), recent review referred to nonsignificant effect of the selective serotonin reuptake inhibitors (SSRI) on autonomic functioning (28) . In this study the sympathetic arousal indexed by EDA was lower in the ASD non-treated group whereas the ASD treated group showed comparable sympathetic activity relative to controls. Further, the treated ASD children displayed a tendency to significant higher EDA compared to the non-treated ASD children. Thus, we could hypothesize that the EDA trend to rise in the ASD treated group might rather reflect the effect of central stimulants (methylphenidate, atomoxetine) than the antidepressants due to a potentially greater influence of noradrenergic effect on sympathetic arousal in autistic children.
Nevertheless, the effect of comorbid disorders should be taken into consideration. Recent studies revealed cardiac-linked sympathetic activity indexed by linear as well as nonlinear indices of heart rate variability analysis (LF/HF, 0V%) in untreated children suffering from pure ADHD (52) (53) (54) . We could speculate that our results of increased EDA in the treated ASD children might also reflect a potential effect of comorbid disorders associated with ASD. Thus, it is questionable whether our findings are related to alone effect of pharmacotherapy or they could indicate clinically potential asymptomatic symptoms of autism-linked comorbid disorders. In terms of a more comprehensive assessment of autonomic regula tion there is a need to correlate our findings with other autonomic parameter, such as heart rate variability (HRV). Other limitation of this study is a small and variable ASD treated group, with comorbidities potentially influencing the autonomic activity. However, this statement requires future research based on larger and more homogenous samples of ASD-linked treated subgroups.
CONCLUSION
This study revealed discrete abnormalities in sympathetic cholinergic regulation indexed by EDA in treated and non-treated autistic children. We assume that the EDA evaluation could contribute to illuminate the effect of pharmacotherapy on sympathetic functioning in autistic children, which is important for assessment of autism-linked regulatory abnormalities associated with cardiovascular risk.
